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TheprimaryKamLAND front-endelectronics(KAMFEE)
weredevelopedat LBNL specificallyfor theKamLAND ex-
periment. Theseelectronicsweredesignedto meetthe fol-
lowing experimentalrequirements:timing betterthanthatof
thePMT’s, minimal systemandchanneldeadtimes,multiple
hit andpileupresolutioncapability, largedynamicrange,and
highsinglephotoelectrondetectionefficiency.

The KAMFEE systemis basedon an innovative Applica-
tion SpecificIntegratedCircuit (ASIC) developedat LBNL,
the Analog Transient Waveform Digitizer (ATWD). The
ATWD simultaneouslycancapturefour channelsof indepen-
dentsignalsatsamplespeedsfrom 200MHz to overoneGHz.
Thesamplingactionis generatedinternallywithout the need
for high-speedexternalclocks.Theuseof theATWD permits
extremelyhigh samplingspeedswhile allowing thea conser-
vativeKAMFEE board-levelclockfrequency of 40MHz. The
ATWD is equippedwith a common-rampparallelWilkinson
10-bit ADC, permitting the direct conversionon-chipof the
capturedanalogsignal. Digitization and readoutof the en-
tire 128-samplewaveformrequiresabout27 microsecondsat
40MHz for the10-bit range.

TheKAMFEE designincludes12 electronicschannelsper
board.We use198boardsto instrumentall 2,126KamLAND
PMT’s, includingboththethe innerandouterdetectors.The
boardcircuitry for eachchannelincludestwo ATWD chips,
which alternatelyacquirewaveformsin a ping-pongarrange-
ment. This setupminimizessingle-channelelectronicdead-
time, asthesecondATWD canacquiredataif a pulsearrives
which the first ATWD is digitizing. This is a very impor-
tant feature,as KamLAND PMT pulseratesare quite high
- 50KHz for the17-inchPMT’s.

Themultiple input channelsto eachATWD areusedto ac-
quire the samewaveformsat differentgains. This givesthe
FEEboardsaverylargedynamicrange,asthesamewaveform
canbeanalyzedata lowergainif it overflowsthehighest-gain
channel.With thissetup,wecanaccuratelyrecordwaveforms
which vary in sizeby over threeordersof magnitude.

We run theATWD’s on eachKAMFEE at a samplingrate
of 0.63GHz,aninterval of 1.6nsbetweensamples.Thissam-
pling rateprovidesmultiplesamplesontheleadingedgeof the
PMT pulses,andit thusallows usto reconstructpulsearrival
timesto sub-nanosecondaccuracy. Thistiming is significantly
betterthan the � 3ns transit-timespreadof the fast 17-inch
PMT’s. By recordingthe full waveform for eachpulse,the
ATWD-basedelectronicsgive us the tools to resolve pileup
anddistinguishsequentialpulses.

The KAMFEE design includes both analog and digital
componentson thesameboard.Theanaloganddigital power

andgroundcircuitsarecarefullyseparatedsothatdigital noise
will not be picked up by the discriminatorcircuits. We are
thusable to operatewith very low discriminatorthresholds,
typically 0.3mV. At this low threshold,thediscriminatoreffi-
ciency for singlephotoelectronsis greaterthan95%.

The first completeKAMFEE boardswere delivered to
LBNL in July 2001. Unfortunately, theboardswereplagued
with a high rate of componentloadingerrors,and we were
forcedto undertakeanextensiveprogramof testingandrepair.
The first KAMFEE electronicswereinstalledin KamLAND
in September2001. By Novemberof that yearwe hadsuf-
ficient working electronicsfor all the 17-inchID PMT’s and
theOD, andwe recordedout first muonevents. In the initial
operationof theexperimentwe hada high boardfailurerate,
dueprimarily to unsolderedpinsontheKAMFEE boards.We
did nothaveasufficientnumberof workingboardsto readout
the20-inchtubesuntil thesummerof 2002.

After runningKamLAND for severalmonthsweuncovered
asmalldesignflaw in theelectronics:theAC-couplingeffects
of aninput transformerfor largepulseshadbeenoverlooked.
Thisflaw meantthattheelectronicswereeffectively blind for

� 200µsafterhigh light level eventssuchasmuons.In a Jan-
uary 2003 upgrade,we repairedthis flaw on all KAMFEE
boardsby removing the input transformerand making sev-
eralothersmalladjustments.Thisupgradewasaccomplished
with a minimalamountof detectordowntime,only 4 days.

TheKAMFEE electronicsarenow runningverystably- we
havehadno boardfailuresin severalmonths.

FIG.1: A samplewaveformfrom theKamLAND front-endelectron-
icssystem.


